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(54) Title: METHOD OF PRODUCING DINITRAMIDE SALTS 





(57) Abstract 

The invention relates to a method of producing organic dinitramide salts, for instance, guanidine dinitramide and guanylurea dinitramide 
starting from ammonium dinitramide (ADN). A concentrated aqueous solution of ADN is reacted with a concentrated aqueous solution of 
an organic salt, whose anion is OH~ or CO3 2 " which is capable of taking up a proton from the ammonium ion of ADN and transferring said 
ion to ammonia. The formed by-products, i.e. ammonia and possibly carbonic acid, are driven off from the solution, as well as a certain 
amount of water to maintain a concentrated solution. The organic dinitramide salt is then precipitated, for instance by cooling the solution. 
The method can be carried out as a continuous or semicontinuous process in a reactor (3), to which concentrated aqueous solutions of ADN 
(1) and organic salt (2), respectively, are supplied in equimolecular amounts. The solution is transferred from the reactor to a precipitation 
tank (7) where organic dinitramide salt (16) is precipitated and a supernatant is recirculated to the reactor. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armaria 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d*Ivorre 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/46202 PCT/SE99/00308 

1 

Method of Producing Dinitramide Salts 

The invention relates to a method of producing organic dinitramide salts. 

5 The production of dinitramide salts is described in ( for instance, WO 97/06099. In 
this known method, dinitramide acid is prepared by nitration of various initial sub- 
stances, whereupon the reaction mixture is neutralised with suitable compounds in 
order to obtain the desired dinitramide salt Nitration is a relatively complex reaction 
and production of the dinitramide salt in pure form may require a great deal of pro- 
10 cessing equipment, which makes this method suited in the first place for large scale 
production. 

Ammonium dinitramide (ADN) is the dinitramide salt which has attracted the 
greatest interest owing to its potential as a chlorine-free oxidiser in propellant 
15 compositions and which can be expected to be produced industrially in large 
quantities. 

Other dinitramide salts having an organic cation can, however, have properties 
which make them especially suitable as an explosive or a component in specific 
20 explosive compositions. 

For the production of such organic dinitramide salts, it may be more convenient to 
start from an existing dinitramide salt than to produce the desired salt directly via 
nitration. 

25 

Prior-art methods for converting a dinitramide salt into another dinitramide salt are 
usually based on an ion-exchange reaction, starting from, for instance, the silver or 
barium salt of the dinitramide ion and adding a suitable salt whose anion results in a 
precipitation with the silver or barium ion and the desired new salt remains dissolv- 
30 ed. Two precipitation steps are thus required to obtain the desired product There is 
always a risk of coprecipitation of the other product in the different precipitations in 
such a method, which results in a loss of yield and a purification problem. 

According to the present invention, ADN is used as starting material (dinitramide ion 
35 source) to produce dinitramide salts having an organic cation. A quick and easy 
method obviating the above-mentioned purification problem is provided. The 
method is designed to give only by-products which can be driven off in gaseous 
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form from the reaction mixture, which permits the desired product to be precipitated 
from the remaining solution with great purity. The method can be carried out in an 
essentially closed water system and is suitable for continuous or semicontinuous 
production. 

5 

The invention is defined by the claims. 



According to the invention, the organic dinitramide salt is produced by reacting a 
concentrated aqueous solution of ADN with a concentrated aqueous solution of an 
10 organic salt, whose anion is OH~ or CO3 2 " which is capable of taking up a proton 
from the ammonium ion of ADN and transferring said ion to ammonia; 
driving off ammonia and, where appropriate, carbon dioxide from the aqueous 
solution, and concentrating, if required, the solution by driving off a certain amount 
of water, and 

15 precipitating the organic dinitramide salt from the aqueous solution. 

In the reaction, ammonia and water and carbonic acid, respectively, form, which can 
easily be driven off from the solution. What remains is merely a solution of the 
organic dinitramide salt, which spontaneously precipitates as the limit of saturation 
20 is exceeded. 



The driving-off of the by-products can take place by heating the solution, possibly 
under reduced pressure if the desired organic dinitramide salt is heat-sensitive. 

25 In addition to the removal of ammonia and, where appropriate, carbon dioxide, a 
certain amount of water is distilled off when necessary to give the solution a desired 
degree of saturation in respect of the organic dinitramide salt Subsequently the 
solution can be cooled to precipitate dinitramide salt 



30 The method is intended above all for the production of dinitramide salts having an 
organic nitrogen-containing cation. These salts frequently have properties which in 
various contexts make them suitable as an explosive and as a component in propel- 
lants, explosives and pyrotechnics! compositions. In the method, it is particularly 
preferred to use the carbonates of these nitrogen-containing compounds. Some of 

35 them can also be too sensitive to alkali to permit the production of hydroxides. Gua- 
nylurea dinitramide, which is disclosed in Swedish Patent Application 9701897-2, 
and guanidine dinitramide can advantageously be produced according to the 
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method, guanylurea carbonate and guanidine carbonate, respectively, being 
preferred as starting material. 

The method can be carried out as a continuous or semicontinuous process, using 
5 an integrated and essentially closed water system, which will be described below 
with reference to the accompanying Figure. 

Fig. 1 is a schematic view of an example of a process set-up for continuous or 
semicontinuous production of organic dinitramide salts according to the invention. 

10 

Fig. 1 illustrates a first storage tank 1 for a concentrated aqueous solution of ADN; 
a second storage tank 2 for a concentrated aqueous solution of an organic salt in 
the form of its hydroxide or carbonate; a reactor 3, which is provided with a waste 
gas duct 4, a heating device 5 and an agitator 6; and a precipitation tank 7, which is 
15 provided with a cooling device 8 and an agitator 9. 

Through conduits 10, 11 and dosing pumps 12, 13, equimolecular amounts of ADN 
solution and organic salt solution, respectively, are pumped continuously or intermit- 
tently to the reactor 3, where the solutions are mixed. The basic anion (OH* or 

20 CO3 2 ") of the organic salt reacts with the ammonium ion of ADN, and ammonia and 
water or carbonic acid form. The reaction mixture is heated in the reactor by means 
of the heating device 5, ammonia and, where appropriate, carbon dioxide (from the 
carbonic acid) being removed through the waste gas duct 4. A certain amount of 
water is normally also driven off so that the solution remains concentrated in 

25 respect of the organic dinitramide salt A certain amount of the concentrated solu- 
tion in the reactor 3 is pumped continuously or intermittently through the conduit 14 
and the pump 15 to the precipitation tank 7, where the solution is cooled by means 
of the cooling device 8. Organic dinitramide salt 16 then precipitates when the limit 
of saturation is exceeded and can be discharged through an outlet 17. A certain 

30 amount of the concentrated supernatant in the precipitation tank is pumped 

continuously or intermittently through a filter 18, the conduit 19 and the pump 20 
back to the reactor 3. 

The invention will now be illustrated by way of examples. 

35 



Example 1 
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Solution 1: 2.0 g ADN was dissolved in 0.7 ml water. 
Solution 2: 1.45 g guanidine carbonate was dissolved in 4.5 ml water. 
The solutions were mixed, and a precipitate immediately formed. A smell of 
5 ammonia could be established. The precipitate was filtered off, washed 3 times with 
ice water and dried in a hot cabinet The precipitate was identified by spectroscopic 
methods as guanidine dinitramide. 

Example 2: 

10 

Solution 1: 10.0 g ADN was dissolved in 6 ml water. 

Solution 2: 7.5 g guanidine carbonate was dissolved in 20 ml water. 

Solution 2 was heated and solution 1 was added during agitation. Formation of 
15 carbon dioxide and ammonia could be established. When cooling the solution, a 
white precipitate of guanidine dinitramide immediately formed. The precipitate had 
high purity. 
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Claims: 

1. A method of producing organic dinitramide salts, characterised by the steps of 
5 reacting a concentrated aqueous solution of ADN with a concentrated aqueous 

solution of an organic salt, whose anion is OH" or CO3 2 " which is capable of taking 
up a proton from the ammonium ion of ADN and transferring said ion to ammonia; 
driving off ammonia and, where appropriate, carbon dioxide from the aqueous 
solution, and concentrating, if required, the solution by driving off a certain amount 
10 of water, and 

precipitating the organic dinitramide salt from the aqueous solution. 

2. A method as claimed in claim 1, characterised in that the anion of the organic salt 
is carbonate. 

15 

3. A method as claimed in claim 1, characterised in that the cation of the organic 
salt is a nitrogen-containing cation. 

4. A method as claimed in claim 3, characterised in that the nitrogen-containing 
20 cation is selected from the group consisting of guanidine ion and guanylurea ton. 

5. A method as claimed in claim 1, characterised by the steps of mixing the concen- 
trated aqueous solutions of ADN and organic salt, respectively, in a reactor (3); 
heating the reaction mixture to drive off ammonia, optionally carbon dioxide and a 

25 certain amount of water; filling the reactor continuously or intermittently with con- 
centrated aqueous solutions of ADN and organic salt, respectively, in equimolecular 
amounts, and transferring the solution continuously or intermittently from the reactor 
(3) to a precipitation step (7); cooling the solution in the precipitation step to obtain 
a precipitate (16) of the organic dinitramide salt and a supernatant concentrated in 

30 respect of organic dinitramide salt, and recirculating the supernatant continuously or 
intermittently to the reactor (3). 
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